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M&C Folio: USP81313 Document 715280 

A WELLBORE DIRECTIONAL STEERING TOOL 
FIELD OF INVENTION 

The present invention relates to the field of oil and gas drilling. More specifically 
the present invention relates to an apparatus and method for selecting or controlling, ftom 
the surface, the direction in vdiich a wellbore proceeds* 

A drill operator often wishes to deviate a wellbore or control its direction to a given 
point within a producing formation. This operation is known as directional drilling. One 
example of this is for a water injection well in an oil field which is generally positioned at 
the edges of the field and at a low point in that field (or fom>ation). 

In addition to controlling the required drilling direction, the formation through 
which a wellbore is drilled exerts a variable force on the drill string at all times. This along 
with the particular configuration of the drill can catzse the drill bit to wander up, down, 
right or left. The industrial term given to this effect is "bit-walk" and many methods to 
control or re-direct "bit-walk" have been tried in the industry. The effect of bit walk in a 
vertical hole can be controlled, by varjdng The torque and weight on the bit while drilling a 
vertical hole. However, in a highly inclined or horizontal well, bit-walk becomes a major 
problem, 

BACKGROUND OF THE INVENTION 

At present, in order to deviate a hole left or right, the driller can choose fi-om a 
series of special downhole tools such as downhole motors, so-called "bent subs" and more 
recently a steerable motors, 

A bent sub is a short tubular that has a slight bend to one side, is attached to the 
drill string, followed by a survey instrument, of v^ich an MWD tool (Measurement While 
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DrilliBg which passes wellbore directional infonnation to the surfece) is one generic type, 
followed by a downhole motor attach^ to flie djill bit The drill string is lowered into the 
wellbore and rotated until the MWD tool indicates that the leading edge of the drill bit is 
feeing inihe desired dilution. Wei^ is applied to the bit tbmugh the drill collars aiidj by 
pumping drilling fluid through the drill string? the downhole motor rotates the bit 

US 3 561 549 relates to a device which gives sufficient control to deviate and start 
an inclined hole from or control bit-walk in a vertical wellbore. The drilling tool has a 
non-rotating sleeve with a plurality of fins (or wedges) on one side is placed immediately 
below a downhole motor in tum attached to a bit 

US 4 220 213 relates to a device which comprises a weighted mandrel The tool is 
designed to take advantage of gravity because the heavy side of the mandrel will sedk the 
low-side of the hole. The low side of the wellbore being the side furthest away from the 
vertical, 

US 4 638 873 relates to a tool which has a spring-loaded shoe and a wei^ted heavy 
side which can accommodate a gauge insert held in place by a retaining bolt 

US 5 220 963 discloses an apparatus having an inner rotating mandrel housed in tiiree 
non-rotating elements. 

Thus, it is know how to correct a bit-walk in a wellbore. However, if changes in tihie 
forces ftat cause bit-walk occur while drilling, all the prior art tools must be withdrawn in 
order to comet the direction of Ae wellbore. The absolute requitment for tool withdrawal 
means that a round trip must be perfomied. This results in a compromise of safety and a large 
expenditure of time and money. 

The applicant's own previous patent application WO 96/31679 and US patent 
US 5 979 570 partially addresses the problem of bit-walk in an inclined wellbore. The device 
described in this patent application and patent comprises eccentrically bored inner and outer 
sleeves. The outer sleeve being freely moveable so that it can seek the low side of the 
wellbore^ the wei^ted side of the inner eccentric sleeve being capable of being positioned 
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either on the right side or the left side of the wei^ted portion of the outer eccentric sleeve to 
correct in a binary manner for bit walk. 

nie applicant has now developed an improved downhole tool which can correct for bit 
walk in a highly inclined wellbore and which is capable of controlling both the inclination and 
the Azimuthal plane of the well bore. 

SUMMARY OF THE INVENTIQN 

In a first aspect, the present invention provides an apparatus for selectively 
controlling the direction of a well bore, the apparatus comprisii^: 

a mandrel rotatable about a rotation axis; a direction controller means 
comprising at least two members spaced apart along said mandrel and configured to 
apply a force to said mandrel with a component perpendicular to the said rotation axis; 

a housing having an eccentric longitudinal bore forming a weighted side and 
being configured to freely rotate under gravity; and 

a driver for selectively varying the ai^Ie of the force relative to the weighted 
side of the housing about said rotation axis* the driv^ being capable of moving the two 
parts independently of one another 

The provision of a two part direction controller allows more control over the 
drilimg direction in order to drill in a required direction and to compensate for bit-walk. 
Further, the provision of a two part direction controller allows a null or a zero force to 
be applied to the mandrel by precessing the direction controller about the mandrel. 

The two parts of the direction controller can be configured in a number of 
different ways- Preferably, the two parts are located on different sides of the central 
plane. A particularly preferable arrangement is achieved when both of the two parts are 
capable of applying a independent force to the mandrel For example, the two parts 
may be located on either side of the central plane of the housing. For example, both 
parts may comprise eccentrically bored sleeves. 
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In an alternative configuration, only one part is capable of applying a radial 
force to the mandrel, the other part only being capable of applying a symmetric force 
about the mandrel. For example, one part may be an eccentrically bored sleeve and the 
other may be a concentrically bored sleeve. If the arrangement is envisaged v^ere a 
concentrically bored sleeve is located on one side of the central plane and an 
eccentrically bored sleeve is located on the other, then it is possible to form a so-called 
"point the bit" arrangement The eccentrically bored sleeve may be located either above 
or below the central plane of the housing. Two eccentrically bored sleeves oriented at 
1 80* to each other about the mandrel can also achieve this effect 

References have been made to the at least one part being eccentrically bored. 
Howeverj it should be noted that the same effect can be achieved with a sleeve which is 
spatially symmetric about the rotation axis, but which has a denser material or a weight 
located at one side of the sleeve. 

Further there is no requirement for the direction controller to be a sleeve. A cam 
or even a linear actuator could be used to the same effect as an eccentric sleeve. 

The driver is configured to move the two parts of the direction control means 
independent of one another. This is ^licable regardless of the nature of the direction 
controller for example if the direction control means comprises a sleeve, cam, linear 
actuator or another component which can achieve the same result 

Where the direction controUw comprises a linear actuator, the actuator may be 
mounted such that that can move about the circumference of said mandrel to apply a 
force to the mandrel at the required position. Preferably, a plurality of linear actuators 
are placed around the circumference of the mandrel More preferably, at least three 
actuators are used at equal angles in a plane about said mandrel The three actuators 
being capable of applying a force to the mandrel in any direction in a plane about its 
axis. 
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Therefore^ in a second aspect, the present invention provides an ^aratus for 
selectively controlling the direction of a wellbore, the apparatus comprising: a mandrel 
which is rotalable about a rotation axis; 

a direction controller comprising at least one linear actuator configured to apply 
a force to said mandrel; 

a housing having an eccentric longitudinal bore and being configured to finely 
rotate under gravity; and a drive means for selectively varying the angle of the force 
relative to the weighted side of the housing about said rotation axis. 

Preferably, the driver in accordance with either the first or the second aspects of 
the present invention is configured to change the direction of the force within a 
tolerance of at most 10^ more preferably at most 5^ even more preferably at most r. 

A possible configuration of the driver and the direction controller can be 
achieved by drive wheel and track arrangement 

The torack and drive wheel preferably comprise a plurality of interenga^g teeth 
to effect movement therebetween. Such an arrangement is commonly referred to as a 
pinion and drive wheel arrangement. TMs arrangement is partictilarly preferable as, 
when stationary, the drive wheel locks against the track serving to secure the inner 
sleeve in position relative to the housing. The track and drive wheel arrangement could 
also be provided by a drive wheel with a circumference which has a high coefficient of 
fiiction with the said track. 

Tht said drive wheel may be located on a part of the direction controller and the 
housing may be provided with a track on its mtemal surface, such that movement of the 
drive wheel causes movement of the said part of the direction controller with inspect to 
the housmg. Alternatively, the drive wheel may be located in die outer housmg and a 
part of the direction controller may be provided with a track such that movement of the 
drive w*eel affects relative movement between the said part of the direction controller 
and the housing. This arrangement is preferable as it allows a power source to drive the 
drive wheel to be located within the housing. 
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The above drive means have been described with relation to the movement of a 
single part of the direction controller. However, a single drive wheel could be used to 
move the two parts of the dnection control means. Two such drive means may be used 
to drive the two parts of the direction controller respectively. 

The driver may comprise a hydraulic or electric motor or the like. Further, drive 
means may be battery powered or powered by the rotation of the rotating mandreL 

In operation, the driver is required to move the direction of the force with 
respect to the outer housing. Typically, some means are required to mstruct the driver 
to move the position of the direction of application of the force on the mandrel. 

Therefore, the apparatus preferably further comprises logic means for 
determining when the direction of the force ^plied by the cfirection controller should be 
moved. The logic means may be located in the downhole assembly, or they may be 
located at the surface with means for communicating with the downhole assembly. If 
the logic means are located within the downhole assembly they may be configured to 
send and/or receive information &om the surfece in order to determine when the 
direction of the force should be moved, 

If the logic means are located at the downhole assembly and are configured to 
receive information from the surface, preferably information is sent to the logic means 
nsing one of the parameters which are readily available during drilling* For example, 
the wei^t on the drill bit and pump cycling. 

The logic means may comprise a sensor for sensing a wellbore fluid pulses and 
decoding said pulses to determine when the direction of the force should be changed. A 
series of fluid pulses can be sent down said drill string. The drill string pulses can be 
used to encode data to send to the downhole assembly. 

The fitdd pressure could also be used to determine the position of the force of 
the direction controller. For example, fluid passageways could be provided vviiich 
extend generally radially through said mandrel^ said direction controller and said 
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housing such that^ when said direction controller, which may for example, be a sleeve, 
cam etc., is in a first position, said series of drilling fluid passageways align with each 
other so as to allow drilling fluid to flow readily fiom said interior of the said mandrel 
to said exterior of said housing accompanied by a relatively low pressure drop, and 
when said sleeve is not m the first position, said drilling fluid passageways are in 
misalignment so as to restrict drilling fluid flow from said interior of said mandrel to 
said exterior of said housing accompanied by relatively high pressure drop. ITus allows 
the position of the direction control means to be determined. 

In a preferred arrangement, the above is achieved by the provision of a bit-jet 
and orifice combination positioned within said generally radial passageway in said 
mandrel adjacent said direction control means. 

Further, the logic means may comprise a detector for detecting the rotating of 
the drill string. The drill string rotation could be detected by using magnetic fields for 
example in the mamier described in GB 2 356 207, The logic means may be configured 
to detect the firequmcy of rotation of the drill string. This allows a magnitude of a 
scalar parameter such as an angle through which to move the force ^plied by the 
direction control means. The logic means may be configured to determine a time period 
between rotation and non-rotation of the drill string wherein said time period detamines 
when the angle of said force should be changed with respect to the weighted side of said 
housing or the radial position of the housing* 

The logic means and the driver may be stored within the housing. Alternatively, 
the logic means may be located within a tubular housing connected to at least one of the 
mandrelsj direction controller and housing* The apparatus may fiirther comprise an 
energy source for supplying power to the driver and/or logic means. 

Preferably, the rotating mandrel is terminated at both ends in the appropriate 
standard tool joint used in the drilling industry for ready attachment to subs, the bit, other 
downhole tools, or drill pipe. 
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The rotating mandrel is used to transfer flae rotary motion of the drill pipe to the 
drill bit and acts as continuation conduit of the drill pipe for aD drilling fluids passing down 
the drill pipe and onto the drill bit 

The above description has primarily considered sending information from the 
surface to the downhole assembly in order to change the position of the force on the 
mandrel However, during drilling, the downhole assembly is actually located within 
the wellbore» therefore the downhole assembly itself is a far better position to determine 
data concerning the strata then any surface based analysis equipment 

Therefore, preferably^ the downhole assembly is provided with a sensor for 
sensing geological information about the formation being drilled. 

Therefore, in a third aspect, the pr^ent invention provides an apparatus for 
selectively controlling the direction of a well bore comprising a mandrel rotatable about 
a rotation axis; a direction control means comprising configured to apply a force to said 
mandrel with a component perpendicular to the said rotation axis; a housing having an 
eccentric longitudinal bore forming a weighted side and being configured to fteely 
rotate iJtnder gravity; a drive means for selectively varying the angle of the direction of 
force about said rotation axis; and sensing means for sensing information about the 
formation which is being drilled. 

Tlie sensing means preferably comprises a sensor and analysing means for 
analysing data collected by the sensor. If the analysis is performed by the downhole 
assembly, then there is no time wasted in sending the data to the surface. Another stage 
further would be to allow the tool to control itself on the basis of the data sensed by its 
sensors. 

In a fourth aspect, the present invention provides an apparatus for drilling a well 
bore, tibe apparatus comprising a drilling member configured to drill in a predetermined 
drilling direction; direction control means for controlling the drilling direction of said 
drilling member; a sensor for determining at least a characteristic of the strata being 
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drilled; wherein said direction control means detennines the drilling direction based on 
the data collected by said sensor. 

Preferably, the sensor is configured to detect gamma rays. 

The apparatus may further comprise a plurality of stabiliser shoes. These 
stabiliser shoes may be circumferentially offset by a predetermined amount in relation 
to the weight of the housing. More preferably, the apparatus comprises two stabiliser 
shoes. The stabiliser shoes which may be blades, wedges etc. extend radially outward 
and laterally along the circumference on either side of the outer eccentric sleeve, 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described with reference to the following 
preferred non-limiting embodiments in which: 

Figut^ 1 shows an elementary cutaway side elevational view of an ^aratus 
accordbg to an embodiment of the invention in a slightly inclined wellbore havfaig its low- 
side on the left; 

Figure 2 is an elementary side elevational view of the tool of Figure 1, havix^ a 
weighted side on the left and illustrating the position of the stabilizer shoes; 

Figure 3 is an elementary side elevational view of the tool of Figure 1, rotated 
through ninety-degrees; 

Figure 4 is an elementary cross section of the tool of Figures 2 and 3 taken at A- 
A in Figure 2 and 3; 

Figure 5A is an elementaiy top view of the tool of Figure 1 employed in a 
wellbore illustrating its use in making a right-turn; 
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Figui^ 5B is an elementary top view of the tool of Figure 1 employed in a 
wellbote illustrating its use in correctii^ right-hand bit-walk or, alternatively, illusteatmg 
its use in making a left-hand toix^ 

Figure 6 is a tool according to another embodiment of the present invention; 
Figure 7A illustrates a drive coupled to the inner mandrel powered by a motor 

means; 

Figure 7B illustrates a drive coupled to the outer hou^g powered by a motor 

means; 

Figure 8 i$ an elementary cross section illustrating the fluid pressure inner 
eccentric sleeve position signaling means; 

Figure 9 is an elementary cross section of the device, showing the agnalijog 
means, taken at A-A in Figure 8; and 

Figure 10 is an elementary cross section of the device illustrating a signaling 
means usmg magnetic fields. 

Figure H is a Bottom Hole Assembly, includiiig a tool according to the 
invention, bit, MWD tool, drill collars, etc. used for left/right borehole correction only; 

Figure 12A is the diagrammatic illustration for the su^ested Bottom Hole 
Assembly of Figure 1 1 showing the device, bit and stabilizers used for left/right borehole 
collection otdy; 

Figure 12B is a suggested diagrammatic Bottom Hole Assembly, including the 
device, bit and stabilizers used for up/down borehole cotrection only; 

Figure 12C is a suggested diagrammatic Bottom Hole Assembly used for 
up/down and lefl/right correction; 
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Figure 13 is an elemeataiy atoss section of a device in accordance with a 
preferred embodiment whei« the direction controller comprises a plurality of linear 
actuators; and 

Figure 14 is a schematic of a device according to a preferred embodiment of the 
invention and comprising a smsor. 

DETAILED DESCRIPTION OF THE INVENTION 

Before the device is described, the phenomena of *1>it walk" will be discussed in more 
detail 

The formation Arough wttch a wellbore is drilled exerts a variable foice on the 
drill string at all times. This variable force is esseitiially duo to the clockwise rotary 
motion of the bit, the weight applied to the drill bit and the strata of the fomiation. 
Formation is a general term used to define the material - namely rock» sand, shale, clay, 
etc, - that the wellbore will pass through in ord^ to open a pattiway or conduit to a 
producing formation. This variable force will result in a variable change in the direction of 
the wellbore* 

The formation is generally layered by the action of nature over millions of years 
and is not necessarily level. The formation will have dips, defined as a change m direction 
of the layers of the formation, which can extend either upward or downward As the drill 
bit moves into a dip or firom one type of formation to another, flie force on the drill Ht will 
change and cause the drill bit to wander iq>, down, right or left THs wandering is the 
natural result of the reaction of the formation to the clockwise torque and forward drilling 
force exerted by the drill bit on the formation. Mathematically the result cm be viewed as 
a simple vector cross product between the torque force and the drilling force or wdght on 
bit The cross product results in a component force towards the right of fee drilling force. 
The industrial term given to this effect is *l>it-walk" and many methods to control or re- 
direct **bit-walk'* have been tried in the industry* 
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Bit-walk is predictable, but the m^^tude and, frequently, tiie direction of bit-walk 
are generaUy unpredictable. Looking at the vector cross product model, it can be seen that 
as the drilling force or weight on bit is varied, the cross product varies. Or, as the RPM of 
the drill string is varied, the cross product varies. Or, as the formation changes, the cross 
product changes, In drilling a weUbore, all of these forces constanfly vary; thus, the 
magnitude of bit-walk constantly changes. The industry has learnt to control the effects of 
bit-walk in a vertical hole by varying the torque and weight on bit while drilling a vertical 
hole. However, in an inclined (non-vertical) hole bit-walk is more problematic. 

By industry definition, once an inclined hole is established, the side of the wellbore 
nearest to true horizontal is called the "low-side" of the hole. The opposite side of the hole 
is refened to as "high-side" and is used as a reference point throughout the wellbore 
drilling operatioa The drilling force follows the longitudinal exten^on of the wellbore; 
thus, the drilling force is parallel to and spaced from the low-side of the hole. Since bit- 
walk is the result of applied torque and drilling force, then it can be anticipated that normal 
bit-walk will be to the right of the low-side of the hole. This definition applies in all 
wellbores. 

In a vertical hole or slightly inclined hole, bit-walk tnay be controlled by 
developing as much rigidity as possible in the lower portion of the drill string near to the 
drill bit This can be and generally is accomplished by using drill string components of 
high rigidity and weight (drill collars or heavy-weight drill pipe) and stabilizers, A 
stabilizer, well known in the industry, is a tubular member witihi a combination of radial 
blades or wedges (generally referred to as stabilizer shoes or blades), often havii^ a helical 
configuration, circumferentially arranged around the tubular and extending beyond the 
outer diameter of the tubular. The extension of the stabilize" blades is limited to the 
diameter of the drill bit Thus, the stabilizer will work m a stable hole. However, if the 
wellbore washes out (increases in diameter due to formation or other downhole mechanical 
or hydraulic effects) or where the lateral force exerted by the blades is less than the torque 
effect of the drill bit, then the stabilizer loses its effectiveness and bit-walk will occur* 
Thus, in a highly inclined or horizontal well, bit-walk becomes a major problem. 
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Very often the driller wishes to deviate the wellbore or control its direction to a 
given point within a producing formation. This operation is known a$ directional drilling. 
For ejcample, a water injection well in an oil field is generally positioned at the edges of ihe 
field and at a low point in that field (or formation)* A vertical wellbore will be established 
and the wellbore "kicked-off' from vertical so that an inclmed (or even horizontal) 
wellbore results. It is now necessaty to selectively guide the drill bit and string to the 
required point in tiie relevant formation. In order to achieve this objective, control of the 
wellbore is required in both the vertical plane (i.e. up and down) and in the horizontal 
plane (i.e., left and right). 

Figure 1 is a side elevational shows a cutaway view of a downhole device^ 10. The 
device is shown in an inclined wellbore. Figure 1 amplifies the low-side 2a of the hole 
2, which the industry defines as the side of the hole nearest the center of the earth. The 
low-side of the hole, 2a, is on the left-hand side of the overall wellbore, 2, 

The device 10 is shown attached to an upper adapter sub, 4, which would in turn be 
attached to a drill string (not shown). The adapter sub is located at the upper end of the 
device 10, i.e. the end of the device 10 which is closest to the opening of wellbore 2* 
The adapter sub is attached to an inner rotatable mandrel, 11. For the purposes of this 
description, the relative tenns upper and lower are defined with respect to the wellbore, 
the i^5per end of the wellbore being the open end, the lower end being the drilling face. 

The ad^ter sub serves to connect the drill string to the inner rotatable mandrel 11, 
However, the adapter sub 4 may not be necessaiy if the drill string pipe threads match 
the device 10 threads. 

The mandrel 11 has an elongate central part 11a which extends almost ihc whole 
length of the tool 10, At either end, the central part of the mandrel 1 la is conneaed to 
an upper mandrel section lib and a lower mandrel section I Ic. 

The upper part 1 1 b of the mandrel 1 1 is attached to yjpper adapter sub 4. 
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Tlie louver part 11c of the inner rotating mandrel, 11, is attached directly to a drill bit, 7. 
In practice a lower ad<5)ter sub may be located between the mandrel and drill bit 7 if the 
threads dififer between the mandrel 1 1 and drill bit 7. 

An iimer eccentric sleeve 12 is located about at least a part of said mandrel* The mandrel 
4 is free to rotate wifbdn the inner eccentric sleeve* 12. In practice, bearmg surfaces will 
be present between the inner rotating mandrel, 1 1, and the inner eccentric sleeve, 12 to 
allow rotation of the mandrel II. The mandrel, 11, must be capable of sustained 
rotation within the inner sleeve, 12. The bearing surfaces will be discussed in more 
detsdl later in the description. 

The inner sleeve 12 of the example has two parts, an upper part 12a and a lower part 
12b* In the device 1 0 of Figure 1 , both the upper part 1 2a and the lower part 12b have 
an eccentric bore for receiving the mandrel 1 1 . The upper part 12a is located close to 
the top end of the device 10 and the lower part 12 is located towards tihe lower part of 
the device 10- The upper and lower parts of the inner sleeve are spaced apart from 
one another along the length of the mandrel 1 1 . 

An essentially tubular housing, which will be referred to as outer housing B 
completes the device 10 as shown in the Example of Figure L In the example of 
Figure 1, the outer housing 13 houses the middle part 11a of the mandrel 11. The 
upper 12a and lower 12b parts of the inner sleeve are located at the upper and lower 
ends of the housing 13 tespectively> such that the housing 13 only covers a portion of 
each of the upper and lower parts of the inner sleeve 12a, 12b, 

The inner eccentric sleeve, 12, may be turned freely within an arc, by a drive means (not 
shown), inside an outer eccentric housing or mandrel^ 1 3* The bearing sur&oes between 
the inner and outer mandrels are not critical as Hiey are not in constant mutual rotation. 
However, they must be capable of remaining clean in the drilling environment Sealed 
bearing systems would be appropriate. 

The outer housing is eccentric on its outside. This heavier side of the housing 13 is 
referred to as the ^pregnant portion", 20. 
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The pregnant poxtiotx 20^ of the outer housing forms the heavy side of the outer housing 
and is manufactured as a part of the outer sleeve. The outer housing 13 is freely 
rotatable under gravity such that the pregnant portion 20, will always seek the low 
side of the wellbore* In operation, the position of the inner sleeves is set with respect 
to the position of the pregnant portion 20 of the outer housing. Therefore, the inner 
sleeve 1 1 is moveable with respect to the outer housing. 

Figures 2 and 3 axe external views of the device 10, The device is shown without upper 
adapter sub 4 or drill bit 7, The upper and lower parts 1 lb and 1 Ic of the mandrel are 
respectively located at the top and bottom of the device 10. Adjacent the upper and 
lower parts lib and 1 Ic of the mandrel 1 1 are located the upper and lower parts 12a 
and 12b of the inner sleeve. Viewed from the outside, the outer hoiising 13 is located 
between the upper 12a and lower 12b parts of the inner sleeve. As explained with 
reference to Figure 1, the upper and lower parts of the itmer sleeve 12 are partially 
located within the housing 13. The position of the pregnant portion 20 of housing 13 
is shown in outline. 

Stabiliser shoes 21 are located on the outside of housing 13. In this particular 
example, thiee stabiliser shoes are located around the circtimference of the housing 
13. The shoes are elongate and are aligned parallel with the rotation axis of the device 
10. The shoes 21 are positioned at 90^ intervals from one another As there are only 
three shoes, they do not extend around the whole circumference of the outer housing. 
The shoes 21 are arranged so that there is a first shoe ISO** away from the weighted 
portion, with two shoes positioned on either side of the first shoe. The shoes 21 serve 
to counter any reactionary rotation on the part of the outer housing caused by bearing 
friction between the rotating mandrel, 1 1 , and the inner eccentric sleeve, 12 and to center 
the housing 13, within the borehole 2. 

The stabilizer shoes are normally removable and are sized to meet the weilbore diameter. 
In feet, the same techniques used to size a standard stabilizer would be s^plied in 
choosing the size of the stabilizer shoes. Alternatively, the shoes, 21, could be formed 
integrally with the outer housing, 13, 
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Other designs which incorporate anti-rotation features may also used For example, at 
least a part of the outer surface of the housing may be provided with tooth like 
projections which are enable of engaging with the side of the well-bore. Clutch 
mechanisms may also be employed in order to stabilise the outer housing. 

Figure 3 shows the device of Figure 2 rotated through 90^ Three secondary shoes 14 
are located around the lower part 11c of mandrel 11, These stabiliser shoes 14 are 
airanged symmetrically around the circumference of the mandrel with llO"* between 
each shoe 14, 

Figures 2 and 3 show the principle axis of wellbore 2 as C/Lw and the rotation axis of the 
bit (or drill string) as C/Lp. The rotation axis of the drill string and the principle axis of 
the wellbore will not always be parallel to one another. For example, ^^en the direction 
control means eflFects a change in the desired drilling direction. The rotation axis and the 
principle axis are ofl&et by the eccentricity of the inner sleeve in Figure 3 and are co- 
located in the views of Figures 2 and 4. 

When the tool is viewed through tiie axis which passes throi^ the pregnant housing, the 
lon^tudinal axes are ofl&et; on the other hand, vrfien viewed through the axis which 
passes through the two stabilizer shoes, 21 , the two longitudinal axes are co-located. 

Previously, the requirement of bearing surfaces between the inner surface of the inner 
sleeve and the outer surface of the rotating mandrel was mentioned. 

Hie bearings between tfie inner rotaiable mandrel and the inner eccentric sleeve pose a 
number of interest!!^ problems. If the tool is used in conventional driUing, the inner 
mandrel must be capable of tuming at speeds of up to 250 RPM within the inner 
eccentric sleeve. If the tool is used with downhole motors, the bearing speed will depend 
on the poation of the downhole motor with respect to the tool, but may be substantiaily 
higher than the 250 RPM used in normal drilling. The downhole motor may be placed at 
either end of the tool If the motor is placed next to the bit, then the rotational bearing 
speed will be zero. If the tool is placed between the downhole motor and the bit, the 
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rotational speed will be the same as that of the output shaft of the downbole motor. This 
speed can be higher than 250 RPM, which is normally regarded as the maximum RPM 
encountered in conventional rotary drilling. 

The mner mandrel to inner sleeve high speed bearings must be lubricated, and the 
lubricating fluid ^viil be the drilling fluid that circulates throughout the system. This 
means that the bearing naust be capable of operating with some solids, having a 
potentially abrasive nature, present in the stream. Bearings of this nanire are well 
understood in Ae industry and will cause little problem. The thrust bearitig, between the 
two elements, see location 28 on Figure 9, must be expected to show wear and is 
designed so that it can be replaced at reasonable service intervals without recourse to 
sophisticated service facilities. Basically the thrust bearing surfece is a sacrificial 
bearing and plans should be made to replace this bearing with each change of bit (At 
least the bearing should be examined each time the tool comes to the surfece.) Means 
can also be provided to measure the bearing wear at the surface without loss of time. 

The rotation between the outer housing, 13, and the inner eccentric sleeve, 12, is 
controlled fiom the surface and is an 'on demand' occurrence. Thus, these bearing 
surfaces need not take high continuous rotation speeds and standard sealed bearings may 
be used. 

Figure 4 shows a cross section of the tool 10 through line A-A' of Figure 3. In Figure 
4, the pregnant portion 20 of the outer housing 1 3 locates itself at the low side of the 
wellbore 2. The stabiliser shoes 21 located on the circumference of the outer housing 
are arranged such that the middle shoe is located against the high side of the wellbore 
2 with the other two shoes located on the right and left sides of the wellbore 2. Hie 
inner sleeve 12 is located within the bore of the housing 13, Previously, the inner 
sleeve 12 has been described in terms of two parts, an upper 12a and a lower part 12b. 
Figure 4 just shows the upper part 12a of the sleeve. However, it will be appreciated 
by those skilled in the art that the lower part I2b of the sleeve 12 could also be used in 
this cross section. The mner sleeve 12 is eccentrically bored. The mandrel 11, or 
more correctly, the central part of the mandrel 1 la is located within the bore of the 
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inner sleeve 12, The inner sleeve 12 can be rotated Nvith respect to the pregnant part 
20 of the outer housing 13 thus changing the force on the mandrel 1 L 

Figure 4A shows a cross section through line B-B' of Figure 3. In this part of the tool, 
there is no outer housing 1 3 or inner sleeve 1 X The figure just shows the mandrel 1 1 , 
with its concentric bore* Three secondary stabiliser shoes 14 are located 
symmetrically about the mandrel 1 1 . 

The operation of the device will now be described with reference to Figures S A and 
5B, Figures 5 A and 5B show external views of the tool 10 similar to that shown in 
Figures 2 and 3- Therefore, to avoid unnecessary repetition, like reference numerals 
will be used to denote like features. The description of such features will not be 
repeated. A drill bit 7 is located on the lower end of the tool 10 in the manner 
described with reference to Figure 1 . Further, an adapter sub 4 is located to the upper 
part of the mandrel 1 1 as also described with reference to Figure 1 . 

Both Figures 5A and 5B show a "top view" of the device^ i.e. the device 10 is viewed 
firom the high side of the wellbore and the pregnant portion 20 is located on the lower 
side of the wellbore xmdemeath the device 10. In Figure 5 A, the upper and lower 
sleeve 12 offset is set to the far right of the wellbore. This means that the thicker side 
of the inner sleeve 12 is located towards the right hand side of the wellbore. This 
causes the outer housing to exert pressure against the right hand side of the wellbore 
2. The fulcrum effect against the right side of the wellbore creates a force against the 
right hand side of the rotating mandrel which forces the drill bit which is attached 
thereto to create a hole with a left hand bias. 

The inner sleeve 12 has an upper portion 12a and a lower portion 12b, In this ^dfic 
example, both portions are moved together. Both portions are drawn with an inclined 
line which shows the position of the heavy side of the inner sleeve 12. This line is a 
result of the internal cam form of the inner sleeve. The cam, of necessity has a wider 
side and a narrower side. 
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For the sake of clarification, whenever the radial placement of the wider part of the 
cam is in a certain attitude with respect to the borehole, forces generated by the cam 
section will deviate the borehole in a vector at 1 80 degrees to the position of the wider 
section. 

The widest part of the cam which is closest to the outer housing 13 (as drawn) defines 
the position of the bias of the inner sleeve. 

Figure 5B shows the reverse situation to Figure 5A. Here, the wider bias portion of 
the inner sleeve is directed towards the left hand wall of the wellbore 1. This causes 
the outer housing 1 3 to exert pressure against the left hand sid^ of the wellbore. Thus, 
in this case, the fulcrum effect against the left side of the wellbore causes the bit to 
create a hole with a right hand bias. 

The above operation whereby the wider side of the inner sleeve can be switched either 
to the right hand side or left hand side of the pregnant portion 20 of the housing is a 
simplified mode of operation. However, the device of the present inv^tion is capable 
of far more complex operations. In the preferred embodiment, the position of the 
sleeve can be controlled to within a tolerance of 1 0° or less in some cases. 

The wider side of the inner sleeve 12 can even be oriented 180*" away from the 
pregnant portion 20. This arrangement places the fiilcrum force at two points of the 
assembly at the bottom of the outer housing and also on the bit itself. This causes the 
bit to move downwards, but the method of undercutting the outer housing* In a 
similar manner, the bit could also be driven upwards by aligning the wider part of the 
inner sleeve along an axis which is parallel with the pregnant housing. This would 
cause the bit to be driven upwards. Therefore, any combination of up/down/left/right 
bit directional control could be accomplished. 

Figure 6 shows a further embodiment of the present invention. To avoid uimecessary 
repetition, the same reference numerals have been used as for Figure 1, The 
construction of the mandrel 11 and the outer housing 13 are identical to those 
described for Figure 1. However, the upper part of the inner sleeve differs from that 
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shown in Figure 1 in that the upper part of the inner sleeve 12a is concentrically 
bored. This combination of a concentric upper sleeve and an eccentric lower sleeve 
12b allows more control over the drilling direction, and has substantial arrangement 
with respect to the drilling mechanics. Further, this relatively simple arrangement 
whereby only movement of the upper sleeve is required is particularly advantageous. 
This so-called "point-the-bif * arrangement can also be achieved if the lower sleeve 
12b is concentric and the upper sleeve 12a is eccentric* 

The forces \\*ich are created in a '*point-the-bit" scenario may differ &om those 
utilised when two eccentric cams are provided. In a configuration comprising an 
eccentric cam and a concentric inner sleeve section, the net effect is to tilt the bit off 
the axis and thus give some degree of tilt to the bit cutting structure. Such an 
arrangement would give considerable advantages v^en drilling the wdlbore and may 
result in a cleaner profile to the wellbore, a desirable state of affairs particularly when 
drilling extended reach well profiles. 

If the concentric sleeve section is placed closer to the bit than the cam, the net effect 
of the cam section will be lower than that where the cam section is placed closer to the 
bit than the concentric sleeve. Therefore, to achieve the same degree of wellbore 
curvature from both configurations, a larger offset cam would be required if the cam 
was at the upper end of the tool. 

The pregnant portion 20 of the outer housing 13 provides the reference point or 
"earthing point" against which the bit bias is referenced. The actual bias forces are 
applied to the appropriate side of the wellbore through one of the stabiliser shoes 2L 
In use, the mandrel of the tool would be rotating. It is important that rotation of the 
mandrel 1 1 does not cause the outer housing 13 to rotate. Therefore, it is important 
that the rotational torque transferred to the outer sleeve fiom the rotating mandrel 1 1 
does not exceed the self-righting torque mass of the outer housing 13 due to gravity* 
If the outer housing 13 turns away from the reference on the low side of the hole, the 
bit bias will not be correct and the directional qualities of the device will fail. 
Therefore, it may be necessary to use different speeds for rotating of the mandrel 1 1 
in order to overcome the mass torque lunitations of the outer housing 13, 
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Paradoxically, the mass of the housing 13 becomes more effective as the angle of 
inclination (wcllbore deviation from vertical) increases. Therefore, higher rotational 
speeds may be used in this situation. Fortunately, this ability to use higher speeds at 
larger angles of inclination is coincidental with the requirement for r^id tool 
response in high angle "near horizontal or horizontal" welibore. The operator will 
have to monitor the downhole performance of the tool to determine if the tool is 
turning away from the low side reference point. Standard well survey devices can 
provide liiis information. Adjustments in rotational speed of the mandrel can be 
varied at flie surface to compensate for any shortfall in the mass-torque capacity of the 
outer housing. As previously discussed, in addition to the operator wishing to drill in 
a specific direction, there is also a variable force which attempts to drive the bit away 
from the desired trajectory. 

The prior art of deviation correction required a turn hi the direction of the welibore in 
Older to correct for drift left/right (azimuth) or up/down (inclination) fix^m the required 
welibore path. Essentially^ a bent sub and downhole motor (or steerable motor) would 
be placed m the welibore and orientated in the required direction to correct for the 
calculated directional drift. These tools would place a dogleg (a relatively sharp turn in 
the welibore when compared to the overall welibore) at the point of correction. Once the 
welibore was established in the correct direction, standard drilling techniques resume 
until the next survey shows unacceptable drift. Thus, a welibore is not straight or 
smooth - it looks like a corkscrew. The instant device will allow for relatively smooth 
correction; thus, the welibore will not look like a coikstarew and will be easier to enter 
and exit during all drilling, casing and production operations. That is, the "quality" of 
flie welibore will be significantly improved over the present state of the art 

It should be noted that the inner eccentric sleeve can be manufactured with varying 
degrees of eccentricity or ofifeet from the welibore center-axiSa The required eccentricity 
would depend on the formation, the diameter of the welibore, speed of drilling, type of 
driilmg, maximum projected course alternation of the welibore and the like. The vector 
interaction of the shoe with the welibore wall is selectively controlled by the rotation of 
the inner sleeve; thus, the magnitude of the offset force is dictated by the ratio of the 
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inner sleeve's eccentricity. A smaller ratio being equal to a smaller vector force and a 
larger latio being equal to a laiger vector force. The offset can vary from tenths of an 
inch [millimeters] up to inches [centimeters], and ideally, should be field replaceable and 
adjustable. The lai^er the offset, the sharper the change in wellbore direction and the 
higher the load on the internal bearings. In drilling a straight wellbore the eccentricity 
offset should be less than about 1/2-inch [1 ,27 cm]. 

It should also be remembered that the inner eccentric offset and the effective gauge of 
the tool (effective gauge being defined as the tool diameter between the outer surfeces of 
the shoes, or the housing touch point and the internal diameter of the wellbore) are 
interrelated Thus, it is important that the effective gauge of the tool be readily 
adjustable in the field to fit the wellbore gauge (same a$ the tools effective gauge) or to 
account for some unexpected interaction with the tool. For example, the fomiation may 
be known to drive the tool further to the right than required; thus, the right shoe could be 
increased in thickness while the left shoe could be decreased in thickness in order to 
compensate for this trend. The overall effective gauge of the tool would remain the 
same, but the side wellbore force on the right of the wellbore would be effectively 
increased The actual values and the like would have to be field determined as are mm^ 
parameters in the drilling industry. Thus, the shoes are field replaceable and are held in 
place by pins or any similar effective retaining mechanism. 

The choice of mner sleeve and consequential offset, and the tooFs effective gauge, may 
be made at the rig site. The drilling engineers would look at formation characteristics^ 
the drillii^ program and other well known parameters to determine an initial offset and 
gauge* If the tool was over- or under-correcting, then the inner sleeve (or shoes) would 
be changed at a suitable opportunity (such as a "bit trip") and the tool returned to the 
wellbore, 

Previouslys the specification has referred to drive means for positioning the inner sleeve 
12 with respect to the hoxising 13, Figures 7 A and 7B show potential arrangements 
for positioning the inner sleeve 12 with respect to the outer housing. 
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In Figure 7A, the driver is located within the pregnant portion of the housing 20. A 
cavity 27 is located within the pregnant portion 20. Within this cavity is located a 
drive gear 25, The outer circumference of the inner sleeve 12 is provided with a 
pinion gear. The teeth on pinion gear 25 are capable of inter-engaging with the teeth 
on rack 26 such that movement of the pinion 25 effects movement of the sleeve 12 
with respect to the outer housing 13. Further, typically, the means for driving pinion 
25 which may comprise an electric, hydraulic motor or other means, will be located 
within the pregnant portion 20 of housing 13- The power supply may be provided by 
a battery wiiich is also located within the pregnant housing or, the rotation of the 
mandrel 1 1 may be used to rotate the pinion 25, 

Figure 7B shows a variation on the arrangement of Figure 8A. Here, a rack is 
provided around the inner circumference of the outer housing 13. The weighted side 
of inner sleeve 12 is provided with pinion 25, Movement of the pinion 25 effects 
movement of (he outer housing 13 in a similar manner to that \^ch was described 
with reference to Figure 7A. 

As the teeth of the rack 26 and the pinion 25 interact, the inner sleeve 12 and oiUer 
housing are locked in position with respect to one another once pinion 25 becomes 
stationary. 

In order to change direction of the tool or the correct for bit walk, ftie drive meaiis must 
be actuated and told by how much to move the inner sleeve. Such information could be 
signaled fix)m the surface. Further, it is preferable if there is some method of signaling 
the surface to confirm the position of the irmer sleeve 12. 

It is be possible to use survey tools and track the wellbore direction and, whenever the 
direction is not coixect, the device 10 may be signaled from the surface to make the 
required alteration. For example, to rotate the bearirig part of the inner sleeve fiom left 
to light or vice versa, or from up to down or vice versa to any degree of rotation of the 
inner sleeve 12 or parts of sleeve with respect to the outer housing, at surface and then 
communicated to the downhole device in order to effect a required rotation of the inner 
sleeve. 
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The degree of rotation of the inner sleeve during setting the device is contiiigent upon -ftie 
initial position of the sleeve, and the required resultant direction of the wellbore. 

The preferred technique will be described for the motion of a sijigle part of the inner 
sleeve which is illustrated in Figures 8 and 9. A passageway, 17, is bored in the rotating 
mandrel which allov^s some drilling fluid to exit the bore via additional o^et passages 
bored in the inner sleeve, 16, and in the outer housing, 15. The passageway, 17, in the 
rotatable mandrel terminates in bit-jet/orifice, 19, combination. The bit-jet is capable of 
taking the pressure drop without damage, A groove, 1 8, is cut in the outer sur&cc of the 
inner eccentric sleeve 12 vMch allows the drilling fluid to exit the bore even if the 
passages, 15,16, are not aligned. When the passages, 15,16, are aligned, the rate of 
drilling fluid leavijng the bore is higher than the rate when the pass^es are not aligned. 
Thus, a pressure difference signal would occur at the surface whenever the inner sleeve 
is toggled or switched jftom one position to another. 

In the right-most position more fluid leaves the bore. In the left-most position^ less fluid 
leaves the bore.. A pressure change will occur at the ground surface because more or 
less fluid is bypassing the bit Pressure changes are easily measured in the mdustry. If 
the pressure changes from hi^ to low, then the eccentric is in the right-most positioiL If 
the pressure changes from low to high, then the eccentric is in the left-most positiorL 
The construction of labyrinthine passageways based on the principle details above may 
enhance the ability of the tool and allow multiple sleeve positions to be indicated at tiie 
surface. 

Other techniques could be used to signal the state of the inner sleeve and such techniques 
are not outside the scope of this disclosure. For example, an encoding using a series of 
coded pulses could be used. Such pulses would be sent to the surfece during motion of 
the inner sleeve which may be decoded, using standard industry techniques, to disclose 
the resting position of the sleeve 12. It may be possible to pass an electrical, or acoustic, 
or some other sig^ to a secondary tool or to instrumentation within the bottom hole 
assembly and have that tool pass the required information to the surface. The passing of 
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coded infoimation to the surface as a series of mud pulses or other telemetry devices is 
well accepted and used in the industry. 

In a similar manner, the passing of pressure pulses fipom the surface to the tool may be 
used to signal the logic to toggle the state of the inner sleeve 12. For example, the 
simplest and preferred toggling technique is to stop drilling for a period of time \srfhich 
exceeds the time period to add a joint of drill pipe. During this period of time, the mud 
pressure would drop and the logic ''sees'* the event The logic starts a timer and after the 
proper period of time the inner sleeve is told to toggle its state. Depending on the motor 
means the sleeve would toggle or wait until fluid flow r^umed ui order to c^rture a 
driving force. This technique may be expanded to signal a stepper motor drive means to 
move to a given position, or to individually signal a BHA incorporating both up/down 
and left/right tools. Thus, any of the standard mud signaling techniques could be used 

The logic used in connection with the tool of the invention can be an integral part of the 
tool or located completely separate theriefipom. Furthermore, an energy source or power 
pack for sqjplying the logic circuits can be located within tool^ as an attachment 
located in a separate sub, or completely remote therefrom. 

Communication between fte surface and the instant device may also be established 
through use of the rotation of the drill string. The logic means can include means for 
detecting drill string rotation wherem said drill strii^ rotation contains encoded 
information which Js understood and decoded by downhole mechanisms or 
instrumentation which determine the radial position of said inner sleeve of the 
apparatus. 

Also, the logic means may include means for detecting drill strmg rotation and 
measuring a time period between rotation and non-rotation of the drill string. The 
measured thne period can be used to determine when said inner eccentric sleeve 
should be rotated with respect to said outer housing. Thus^ the apparatus may include 
a timing device. 



ll-JUN-2001 15:14 FROM MARK & CLERK 



TO 90019035811441 



P. 31 



26 

In additiorij the logic means may include a method and apparatus for enabling the 
instant device to detect the rotation of the drill string and quantify the rotational speed 
of the drill string in such a manner as to be able to accurately quantify the rotational 
speed in order to determine a numerical value which may be used in detemiining 
sleeve position. 

Such an arrangement is shown in Figure 10. The device 10 comprises a outer 
housing 13 with an eccentric bore. An inner sleeve 12 is located within said bore such 
that the oxiter housing 13 is rotatably coupled about said inner sleeve 12, The inner 
sleeve 12 also has an eccentric bore which is configured to accommodate a rotating 
mandrel 1 1 such that said inner sleeve 12 can rotate relative to both said outer housing 
13 and said mandrel 1 L 

A conmiunications device comprising a magnet 4 is attached to said rotating 
member 1 1 , The magnet is located in a pocket on said rotating member 1 1 . This 
specific embodiment uses the magnet as an emitter. However, it will be appreciated by 
those skilled in the art that the magnet could be replaced by any type of emitting sensor. 

The outer housing 1 3 contain instrument barrels 6. The instrument barrels 6 are 
provided with sensing means. During drilling of the well bore 2, the heavy portion of 
the outer housing seeks the low side of the well bore and the position of the outer 
housing remains relatively fixed with respect to the well bore. The mandrel 1 1 and 
magnet 4 rotate relative to the outer housing 13. Lines of flux 5 radiate torn the 
magnet 4 with sufficient magnitude to overcome the Earth's ambient field. The flux 
lines 5 extend radially beyond the instrument barrel 6 such that sensors within the 
instrument barrel 6 can detect the intensity of the emitted magnetic field. 

When the magnet 4 is rotated such that it is closest to the sensors in the 
instrument barrel 6, the sensors detect a maximum amplitude in the magnetic field. In a 
similar manner, when the ma^et 4 is fiirthest fi*om the instrument barrel 6, a minimum 
in the amplitude of the magnetic field will be detected. The field detected by the 
sensors may be sinusoidal if it is possible to sense the radiated magnetic field at all 
times when the mandrel 1 1 is rotating. In order to accomplish this, at least a part and 
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possibly the entire drill string mandrel will have to be constructed from aiistenic type 
materials, or materials with similar non-magnetic properties, 

However, as it is only necessary to measure the frequency of rotation of the 
mandrel 1 1 , it is adequate if the sensor is jxist configured to detect a maxima in the field 
when the magnet is at its closest to the sensor. In other words, the sensor just needs to 
detect a series of pulses where each pulse is equivalent to one each rotation of the 
mandrel U. 

Thresholds may also be set which negate the effect of the Earth's magnetic field 
and which serve as limit switches. These limit switches may be employed as a means of 
logic control within the sensor array or within a logic control sub assembly, 

A second instrument barrel 6a is also shown. This may also contain magnetic 
sensors. The provisions of two magnetic sensors allows errors to be more easily 
detected. 

The sensor which isolated within the instrument barrel is preferably situated in a 
stainless steel, or another magnetically transparent pressure vessel $uch that the 
instrumentation is isolated from the borehole pressure. The instrumentation barrel may 
comprises a magnetometer, or Hall effect device or the like for detecting the magnetic 
field. 

Inevitably, there will be material between the magnetic sensor in the instrument 
barrel 6 and the magnet 4 located on the rotating member. This intervening material 
should, as far as possible, be magnetically transparent. In other words, the magnetic 
field should pass through this material without becoming deflected or distorted. 
Materials which exhibit these properties include austenic stainless steels and other non- 
ferrous material. 

Figure 11 shows an embodiment of the present invention. As in Figure 1, the 
downhole tool is connected to a drill bit and an adapter sub 4, In Figure 11, the lower 
part of the mandrel 1 1 is connected to the drill bit 7 by adapter sub 6. . 
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The upper adapter sub 4 allows the tool 10 to be connected to surveying took 5 and 
drill collars 8, The drill collars are attached to drill string 9. Additional stabilisers 
(not shown) will be added as per standard drilling procedures. 



Figures 12A to 12B show a diagrammatic illustration of an arrangement of stabilisers 
used in a drilling operation without showing the required collars, survey tools and 
subs. 



Figure 12A is a diagranunatic illustration of an arrangement of stabilizers used in a 
drilling operation without showing required collars, survey tools and subs. The instant 
device, 10, is foUowed by a second string stabilizer, 23, and any additional stabilizers, 
22, to the drilling program may require. 

As previously explained, the tool can provide directional control both up and down and 
left to right For up/down control the offeet provided by at least one of the parts of the 
direction control means is provided either next to the weighted side of the housing or 
opposite the position of the weighted side of the housing.. Figure 12B is a diagrammatic 
representation of a device used to control up/down only. Here the bit, 7, is followed by a 
near bit stabilizer, 24, with the up/down tool lOM, placed at distance from the bit. 
This distance would range between 15 feet [4.57 m] and 30 fe^ [9.14 m]. (the use of the 
British System of units is the standard of the drilling industry; hence, this description 
uses the industiy standard.) 

The above description has largely concentrated on a device where the direction control 
means are provided by eccentric sleeves or cams. However, the present invention can 
also be realized by using linear actuators as part of the direction conbol means. Such 
linear actuators can be provided so as to bias said mandrel in die same manner as the 
aforementioned sleeves or cams. 



Figure 13 shows a cross-section of the apparatus configured with linear actuators. 
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To avoid uimecessary repetition, where appropriate, like reference numerals will be used 
to denote like features. Comparing Figure 13 with the cross-sections of Figure 7A and 
7B, it can be seen that a weighted housing 13 is provided v^ch sturounds mandrel 11. 
Mandrel 11 is located within sleeve 12* Mandrel 1 1 is free to move within sleeve 12. 
Sleeve 12 is connected to housing 13 via three linear actuators, 3 1, 33 and 35. The three 
linear actuators 31, 33 and 35 are disposed in a plane about said mandrel and are ofi&et 
from one another by 120°. Each of the linear actuators is configured such that it can 
extend or contract as required. 

In Figure 13, linear actuator 35 is fiilly extended, linear actuator 33 is ftdly contracted 
and linear actuator 31 is partially extended- In this arrangement, the mandrel is biased 
towards the top left of the figure in the same manner as the mandrel of Figure 7A, The 
dotted lines indicate a different position where linear actuator 35 is contracted and 
actuator 33 is extended to bias the mandrel position over towards the right band side of 
the housing 13. 

Thus, the linear actuators can be used to bias the mandrel with respect to the weighted 
housing 13 as required in order to change the direction of drilling. 

Figure 14 is a schematic illustrating a preferred embodiment of a device in accordance 
with the invention Mliere the device fijrther comprises a sensor. 

To avoid unnecessary repetition, the same reference numerals will be used as those of 
Figure 1, hi addition a sensor 37 is located on lower mandrel 1 Ic. The sensor may be 
located at other positions on the device. 

The sensor may be a gamma ray sensor and may be configured to send information to the 
surface such that the tool may be controlled from the surfece or may be configured to 
analyse the signals which it collects such that the device can use ftis information to select 
its own preferred drilling direction. 



